Abstract. In this paper, an in house production of a 0.5hp induction motor's rotor is investigated. This investigation considers the induction motor's efficiency and losses dissipation as an important aspect to determine the rotors efficiency. Through out this project, a new rotor which has 0.35mm steel sheet thickness and 10mm rotor bar slot size is constructed and compared with the existing rotor which has 0.50mm steel sheet thickness and 10mm rotor bar slot size. Once the construction phase of the rotor has been completed an in house motor experiment is done such as the no load, blocked rotor and dc resistance test. Result shows that thinner steel sheet (0.35mm) of the constructed rotor increase the efficiency up to 3.2% and reduces the losses to 17.2 watts compare to the thicker steel sheet rotor (0.5mm). An economical aspect is presented to show the amount of energy and money that can be saved from replacing the existing rotor (0.5mm) with a thinner rotor (0.35mm). As for the annual energy saving (AES) and total cost saving (TCS), the new rotor manage to save 138.7kWh per year and utility billing by RM45.51 per year per motor.
Introduction
Induction motors are widely used for various industrial applications. In the past, approximate methods have sufficed. However, at the present time, there is a greater need to build more efficient machines and to utilize material more economically. However, their design parameters are evaluated from the formulae based on the approximations to actual flux distribution in the machine cross section [1] . Induction machines represent a class of rotating apparatus that includes induction motors, induction generators, induction frequency converters, induction phase converters and electromagnetic slip couplings.
An induction motor has the same physical stator as a synchronous machine with a different rotor construction. There are two different types of induction motor rotors which can be placed inside the stator. One is called a cage induction motor rotor, while the other is called a wound rotor. A cage induction motor rotor consists of a series of conducting bars laid into slots carved in the face of the rotor and shorted at either end by large shorting rings. This design is referred to as a cage induction motor rotor because the conductors. Wound-rotor induction motors are more expensive than cage induction motors, and they require much more maintenance because of the wear associated with their brushes and slip rings [2] . High-efficiency motors are built to reduce motor energy loss [3] . The thinner the steel the more effectively eddy currents are restrained and the lower the core losses. However a lamination pile of a given height contains less metal if made of 0.35mm steel rather than of 0.50mm steel due to the effect of the extra surfaces on the stacking factor. Thinner steel costs more to produce and requires more press-blows to make lamination stacks of a given size [4] .
Rotor fabrication process
Firstly, AUTOCAD software is used to plot the design of the rotor of the 0.5HP AC induction motor. The first step is to measure the exact diameter of the original rotor for 0.5HP motor so that the new design will fit into the stator frame. The only difference is that the rotor steel sheet thickness which is thinner then the conventional rotor. Total 192 pieces of laminations sheets is stacked and wielded together on side and in the middle to form the rotor body based on Fig 1. The process is very dangerous as it deals with very high temperature and cost and it may cause health problem due to rotor bar material heating. This machine needs to be set-up by inserting the AutoCAD drawing into the EDM control panel. After initializing the rotor drawings the route of the wire is assign by the operator in which the wire will cut based on the assigned route. The rotor is then inserted into the existing motor shaft. Based on Figure 1 this rotor is then assembled into the stator and laboratory experimental test is performed such as the no load, DC Resistance and block rotor test to obtain the motors efficiency and losses.
Experiments
This part discusses the methodology carried out on experimental setup. In previous in house, the rotor is investigated in terms by the usage in the rotor bar material. Conventional rotors are filled with aluminium rotor bar and instead, the investigation is on the usage of copper rotor bar [5] . Since the elementary research is the same, the same test procedure applies to this research; in fact it is a progress from previous research. The tests that have been performed are the no load test, DC resistance test, block rotor test in order to determine the performance difference of 0.5 Hp induction motors by using 0.35mm and 0.50mm thickness of material for rotor frame in terms of efficiency and losses. Table 1 shows the comparison of energy consumption and amount of losses between the existing rotors with the constructed rotor. These results are obtained after the test is performed. Based on Table 1 , it shows that new rotor has indeed lower the losses compare to the existing rotor for the 0.5HP induction motor.
Analysis
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Mechanical and Aerospace Engineering, ICMAE2011 Based on Table 1 , a bar graph is plotted and shown in Fig 2 for better justification. Based on the figure it shows the loss segregation and motor efficiency difference between two thicknesses. Notice, although there is a slight increased in the core loss but the total efficiency of the induction motor did increase up to 3.2% from 81.8%to 85% and the losses are reduced to 11.11Watts from 103.52W to just 92.41. This shows that by using thinner steel sheets for assembling the rotor, it can increase the efficiency and has lower losses. 
Economical Aspect
Based on Table 1 data, an economical justification is done to proof the amount of energy and money that can be saved by the industries by using the in house rotor. By using the method from R.Saidur et.al [7] , the analysis based on Eq. 1, the annual energy savings (AES) [7] by replacing the new rotor with an existing rotor can be estimated assuming the load factor to 100% and working hours to 8064 hours (annually). The average industrial tariff in for factories in Malaysia are 32.5 sen/kWh based on and the minimum monthly charge is RM7.20 for overall monthly consumption more than 200kWh per month. So the Annual energy savings (AES) is stated as.
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This is the amount of energy conserved by the new rotor of induction motor during each hour of use. Annual energy savings are obtained by multiplying by the number of operating hours at the indicated load. Total saving cost (TSC) [7] (2) In Malaysia, with the Monthly Demand Charge = RM7.20, Monthly Energy Charge=RM 0.325/kWh The rotor is simplified in Table 2 , it shows the saving cost of replacing the existing rotor with the new rotor in the induction motor can reduce the utility billing by RM45.51 per year per motor for the new rotor bars rather than RM5.42 for existing rotor bar. 
Conclusion
The in house production of thinner lamination steel rotor has proven to have a big impact on motors efficiency and losses plus the energy that can be save is enormous comparing to the existing rotor. By this research an idea has been provided that a little change in the rotors physical can change the efficiency of an induction motor. Let say there are more than 100,000 pieces of induction motor that have been replaced with the new rotor. So the amount of money that is saved for new rotor is RM4.5 million compared to the existing rotor that is just RM542, 000.This amount is nearly eight times than what new rotor bar can save and this also shows that new rotor which has 0.35mm and 10mm rotor bar size bars has better performance in terms of efficiency, losses reduction, annual energy saving (AES) and total cost saving (TCS).Through research is still needed to justify these losses.
